Artemisia species are widely used as food ingredients and raw material in traditional medicine. However, to date, the secondary metabolites of Artemisia gmelinii Weber ex Stechm. have not been sufficiently investigated. The secondary metabolites of A. gmelinii, which was collected from representative regions in Chungbuk, Gangwon, and Gyeongbuk, were analyzed using ultraperformance liquid chromatography-quadrupole time-of-flight mass spectrometry (UPLC-QTof MS) combined with an unsupervised principal component analysis (PCA) multivariate analysis. In the loading scatter plot of PCA, significant changes in metabolites were observed between the regions, ten metabolites (3: 5-Ocaffeoylquinic acid, 4: 4-O-caffeoylquinic acid, 8: transmelilotoside, 12: quercetin 3-O-hexoside, 15: 3,4-O-dicaffeoylquinic acid, 17: 3,5-O-dicaffeoylquinic acid, 18: 4,5-O-dicaffeoylquinic acid, 19
Introduction
Artemisia (Asteraceae) is the largest and widespread genus that is used in folk medicine all over the world [1] . Artemisia contain large amounts of polyphenols that have been reported to have glucose-lowering [2] , antidiabetic [3] , antimicrobial [4] , antitumor [5] , antimalarial [6] , and antioxidant activity [7] for the prevention and therapeutic treatment of various diseases. There have been many studies on other species from Artemisia genus, but Artemisia gmelinii Weber ex Stechm. has been studied only for its polyphenolic content (e.g., flavone glycoside, coumarin, and phenolic acid derivatives) with antioxidant activity in the aerial parts of methanolic extract [7] ; however, to date, the regional variation in its polyphenolic content has not been studied. Because the physiological changes in polyphenolic content are affected by environmental conditions, the content difference by region is thought to be important for the quality control of A. gmelinii [8] .
Currently, metabolomics tools (i.e., statistical and multivariate data) are essential for studying various aspects of natural products and plant metabolites including dereplication, biological activity screening, chemotaxonomy, and quality control [9] [10] [11] [12] [13] [14] . Ultraperformance liquid chromatography-quadrupole time-of-flight mass spectrometry (UPLC-QTof MS)-based metabolomics is useful for the rapid and highly sensitive detection of secondary metabolites from plant biosynthesis pathways [11, 14] . Interestingly, technologies that use high-resolution mass spectrometry (HRMS) have improved detection and quantification strategies of assessing structural information to reveal diverse metabolites. In addition, various plants (e.g., Agastache rugose, Spinacia oleracea, Sophora flavescens, Panax ginseng, Euphorbia supine, and Hordeum vulgare) have been investigated using UPLC-QTof MS [9] [10] [11] [12] [13] [14] . Specifically, the physiological changes of many flavonoids was depend on the cultivation conditions using temperatures, light, drought, salt, biotic stresses, genetics, and agronomic conditions [8, 10] . Therefore, for quality assurance and raw material standardization of geographical spinach, it is also important to develop flavonoid markers which can be used as the reference materials. In addition, the effect of cultivation regions on metabolomics profiles of A. gmelinii has not been evaluated yet. Furthermore, metabolomic studies provide a new approach for monitoring change in metabolite quality of plant cultivation regions in Korea. Therefore, in this study, the metabolomic analysis of polyphenolic content in A. gmelinii was carried out to discriminate cultivation regions in Korea; the analysis identified key markers based on polyphenolic contents using UPLC-QTof MS coupled with multivariate analysis. Supplementary Table 1 . The organic solvents for extraction and chromatographic analysis were purchased from Merck (Darmstadt, Germany). Ultra-pure water was prepared using a purification system (Milli-Q Academic, Merck Millipore).
Materials and Methods

Plant materials and reagents
Sample preparation
The powdered samples (5 samples from each region) of dried A. gmelinii aerial part (100.0±0.5 mg) were prepared and extracted in 60% prerthanol A with sonication (SD-350H, sd-ultra, Seoul, Korea) for 15 min ×3 times. After filtration, the extract was concentrated in vacuo and dissolved in methanol for analysis. 
UPLC-QTof MS conditions for the secondary metabolites analysis
Data processing and multivariate data analysis
For the comparative analysis of flavonoids from A. gmelinii aerial parts, the data were processed using UPLC-QTof MS with the MarkLynx software (Waters) to obtain a three-dimensional matrix of markers (e.g., accurate masses, retention times, and intensities). Then, the resulting data set was exported to the SIMCA P + software 12.0 (Umetrics, Umeå, Sweden) for multivariate statistical analysis. 
Results and Discussion
Multivariate analysis of Artemisia gmelinii The simultaneous analysis of A. gmelinii secondary metabolites provides interrelating information that describes comprehensive variations in the metabolites of Artemisia species from different regions. To compare the metabolite levels of A. gmelinii between regions, we performed the principal component analysis (PCA) on the expected main peaks detected in negative ion mode (1.5-9.5 min), which is a widely accepted method for profiling secondary metabolites in plant metabolomics ( Fig. 1A) . Based on the UPLC-QTof MS-based multivariate data of A. gmelinii, the samples were clearly distinguished by unsupervised pattern recognition technique, such as PCA, and indicated significant differences in the levels of markers of secondary metabolites. Figure 1B shows that the PCA score plot showed a clear clustering of A. gmelinii samples, indicating that the phytochemical compositions of raw materials were significantly different between the regions. Principal components 1 (PC 1, 52.3%) and 2 (PC 2, 20.5%) accounted for 72.8% of the variation and showed three distinct groups. In addition, the corresponding PCA loading plot enabled the detection of several key metabolites that were responsible for group separation ( properties. The relative amount of each marker in A. gmelinii considerably differed between the regions, as shown in Fig. 2 . Interestingly, representative markers derived from each region appeared as the main constituents. Because the metabolite profiles of A. gmelinii from three regions were similar (Fig. 3 ), the quantitative difference of marker polyphenols should be influenced by environmental factors; the breeding stress of cultivated plants may result in glucose catabolism [15] and shikimate pathway [16] , but it could not explain the differences of marker polyphenols because the average temperature was similar among them. Rather, the monthly precipitation and sunshine seem to be the main factors in the environment, though other factors (e.g., average temperature and relative humidity) cannot be excluded (Table 1) . Specifically, polyphenols 3, 4, and 12 were the most abundant markers in the GB region and the lowest in the GW region, while 8, 15, 17, and 18 had the highest level in the CB region. Three polyphenols (19, 20, and 23) in the GW region were identified as important markers due to the increase in precipitation and sunshine during plant cultivation (Figs. 1-2 and Table 1 ). The polyphenols in higher plants were affected by pathogens, pests, feeding, weeds, wounding, temperature, wind stresses, UV light, and low manure during growth [8] [9] [10] 12, 13] . The produced polyphenols may be associated with plant growth, and their plant physiological role is correlated with protection against insects, microbial, and fungal infection. [17, 18] . Thus, increased amounts of flavonoids can directly and/or indirectly serve as protective metabolites or precursors for the biosynthesis of other metabolites. Therefore, Artemisia species, including A. gmelinii, biosynthesize caffeoylquinic acid and produce mono, di, and tricaffeoylquinic acids. This result is important for the quality control in breeding research on A. gmelinii and Artemisia species.
Tentative identification of Artemisia gmelinii Twenty-five compounds, including fifteen phenolic acid derivatives (6, 21, 24, 25) were detected in the Artemisia gmelinii extract based on the UPLC-QTof MS chromatograms (Fig. 3) . Although some metabolite overlapping occurred, the base peak intensity (BPI) chromatographic separation of the metabolites was achieved within 10 min. This approach allowed to identify many metabolites using a medium-pressure liquid partition prior to the UPLC-QTof MS analysis to reduce the matrix noise [19] . Twentythree metabolites were tentatively identified by the HRMS analysis.
The MS spectra of all metabolites were carefully compared with Table 2 those in the previously published studies on Artemisia genus (Asteraceae), including the experimental retention time, UV, m/z values, HRESIMS data, error ppm, MS 2 , and molecular formulae data (Table 2 ) [1, [20] [21] [22] [23] [24] [25] . In A. gmelinii, these metabolites are structurally diverse and contain sesquiterpenes, flavone glycoside, coumarin, and phenolic acid derivatives [7, 26] . The tentative identification of each metabolite focuses on the main compounds depending on the region (Fig. 3) . According to the molecular ion chromatogram of the extract, the main compounds ( [1, 25] . Compounds 12 and 23 were determined to be flavonol hexosides. Due to an even more pronounced radical loss of the hexoside with a homolytic bond cleavage of the O-hexoside bond, the MS/MS spectra of flavonol hexosides exhibited a common fragmentation parent ion [M-hexoside-H]that corresponds to flavonols ( Table 2 ) [27] . In MS/MS spectra of compounds 12 and 23, which were determined to be quercetin 3-O-hexoside and icaritin 3-O-hexoside (icariside II), respectively, the typical fragmentation patterns were found at m/z 301 [quercetin-H] -, m/z 300 [quercetin-2H]and at m/z 367 [icaritin-H] -. The metabolites of A. gmelinii were analyzed to discriminate the origin and quality control by multivariate analysis using UPLC-QTof MS. In summary, polyphenols changes in A. gmelinii samples demonstrated that geographical cultivation may be discriminated by polyphenols, and ten markers (3, 4, 8, 12, 15, (17) (18) (19) (20) 23) were important for three regions of Korea. The contents of individual markers were significantly different, while the total amounts of markers were very similar between the groups. The changes in polyphenols provided insights into the secondary metabolism in plants depending on geographical conditions. These chemometric markers of A. gmelinii have the potential to be useful for identifying botanical raw material, regard of the strategy employed to carry out authenticity, as these strategies are in continuous development. Therefore, data on the composition analysis of polyphenols in A. gmelinii could shown important information to consumers, researchers, and producers in the related industry.
